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ASTRONOMICAL OBSERVATORIES. 



Among the contributions of public and private munificence to 
the advance of knowledge, none are more worthy of praise than 
those which have been devoted to astronomy. Among all the 
sciences, this is the one which is most completely dependent upon 
such contributions, because it has the least immediate applica- 
tion to the welfare of the individual. Happily, it is also the 
science of which the results are best adapted to strike the mind, 
and it has thus kept a position in public estimation which it 
could hardly have gained if it had depended for success solely 
upon its application to the practical problems of life. That the 
means which have been devoted to its prosecution have not 
always been expended in a manner which we now see would have 
been the best, is to be expected from the very nature of the 
case. Indeed, a large portion of the labor spent in any kind of 
scientific research is, in a certain sense, wasted, because the very 
knowledge which shows us how we might have done better has 
been gained through a long series of fruitless trials. But it is 
due both to ourselves and the patrons of astronomy that as soon 
as any knowledge bearing upon the question of the past applica- 
tion of money to the advance of science is obtained, use should be 
made of it to point out the mistakes of the past and the lessons 
for the future. It is now patent to all who have made a wide 
study of the subject that large amounts have been either wasted 
or applied in ways not the most effective in the, erection and 
outfit of astronomical observatories. Since Tycho Brahe built his 
great establishment at Uraniburg, astronomical research has been 
associated in the public mind with lofty observatories and great 
telescopes. "Whenever a monarch has desired to associate his 
name with science, he has designed an observatory proportional 
to the magnitude of his ambition, fitted it out with instruments 
on a corresponding scale, and then rested in serene satisfaction. 
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If we measure greatness by cubic yards, then Peter the Great and 
" Le Grand Monarque " were the founders of two of the greatest 
observatories ever,built. That of St. Petersburg was completed 
in 1725, the year of Peter's death, and was an edifice of two hun- 
dred and twenty-five feet front, with central towers one hundred 
and forty feet high. It had three tiers of galleries on the outside 
for observation, and was supplied with nearly every instrument 
known to the astronomers of the time, without reference to the 
practicability of finding observers to use them. It was nearly 
destroyed by fire in 1747, but was partially rebuilt, and now 
forms part of the building occupied by the Imperial Academy of 
Sciences. The Paris Observatory, built half a century earlier, 
still stands, its massive walls and arched ceilings reminding one 
rather of a fortress than of an astronomical institution. 

Notwithstanding the magnificence of these structures, they 
have had little essential connection with the progress of astron- 
omy. It is true that the work done at both establishments takes 
a prominent place in the history of science, but most of it could 
have been done equally well under wooden sheds erected for the 
protection of the instruments from the weather. In recent times, 
the St. Petersburg Observatory has been found so unsuitable for 
its purpose that no observation of real value can be made, and 
its existence has been nearly forgotten. The great building at 
Paris, though associated with a series of astronomical researches 
second to none in the world, has really served scarcely any other 
purpose than those of a physical laboratory, store-house, and offi- 
ces. The more important observations have always been made 
in the surrounding garden, or in inexpensive wings or other 
structures erected for the purpose. 

With these establishments it will be instructive to compare the 
Greenwich Observatory. The latter has never won the title of 
great. It was originally established on the most modest scale, for 
the special purpose of making such observations as would conduce 
to the determination of the longitude at sea. Although it has 
now entered upon its third century, no attempt has ever been 
made to reconstruct it on a grand scale. Whenever any part of 
it was found insufficient for its purpose, new rooms were built 
for the special object in view, and thus it has been growing from 
the beginning by a process as natural and simple as that of the 
growth of a tree. Even now, the money value of its structure 
is less than that of several other public observatories, although 
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it eclipses them all in the results of its work. Haeckel lays it 
down as a general law of research that the amount of original 
investigation actually prosecuted by a scientific institution is 
inversely proportional to its magnitude. Although this may be 
regarded as a humorous exaggeration, it teaches what the history 
of science shows to be a valuable lesson. 

A glance at the number and work of the astronomical observa- 
tories of the present time will show how great a waste of means 
has been suffered in their erection and management. The last 
volume of the "American Ephemeris" contains a list of nearly 
150 observatories, supposed to be, or to have recently been, in a 
state of " astronomical activity." The number omitted because 
they have lain inactive it is impossible to estimate ; but it is not 
unlikely that, in this country at least, they are as numerous as 
those retained. It is safe to say that nearly everything of con- 
siderable value which has been done by all these establishments 
could have been better done by two or three well-organized 
observatories in each of the principal civilized countries. Indeed, 
if we leave out of account local benefits, such as the distribution 
of time, the instruction of students, and the entertainment of the 
public, it will be found that nearly all the astronomical researches 
of really permanent value have been made at a very small num- 
ber of these institutions. The most useful branch of astronomy 
has hitherto been that which, treating of the positions and 
motions of the heavenly bodies, is practically applied to the 
determination of geographical positions on land and at sea. ■ The 
Greenwich Observatory has, during the past century, been so far 
the largest contributor in this direction as to give rise to the 
remark that, if this branch of astronomy were entirely lost, it 
could be reconstructed from the Greenwich observations alone. 
During the past twenty years, the four observatories at Green- 
wich, Pulkowa, Paris, and Washington have been so far the 
largest contributors to what we may call geometrical astronomy 
that, in this particular direction, the work of the hundred others, 
in the northern hemisphere at least, can be regarded only as 
subsidiary. 

This remark, it will be understood, applies only to that special 
branch of astronomy which treats of the positions and motions 
of the heavenly bodies. The other great branch of the science 
treats of the aspect and physical constitution of these bodies. It 
dates from the invention of the telescope, because, without this 



ASTRONOMICAL OBSERVATORIES. 199 

instrument and its accessories, no detailed study of the heavenly- 
bodies is possible. The field open to the telescope has, during 
the last twenty years, been immensely widened by the introduc- 
tion of the spectroscope, the ultimate results of which it is 
scarcely possible to appreciate. Photography has recently been 
introduced as an accessory to both instruments ; but this is not 
so much an independent instrument of research as a means of 
recording the results of the spectroscope and telescope. To this 
branch of the science a great number of observatories, public and 
private, have duly contributed, but, as we shall presently see, the 
ratio of results to means is far less than it would have been had 
their work all been done on a well-organized system. 

Nearly all great public observatories have hitherto been con- 
structed for the purpose of pursuing the first branch of the sci- 
ence, — that which concerns itself, so to speak, with the geometry 
of the heavens. This was naturally the practice before the spec- 
troscope opened up so new and rich a field. Even now, there is 
one sound reason for adhering to this practice — namely, that 
physical investigations, however made, must be the work of indi- 
viduals, rather than of establishments. There is no need of a 
great and expensive institution for the prosecution of spectro- 
scopic observations. The man of genius with imperfect instru- 
ments will outdo the man of routine in the greatest building, 
with the most perfect appliances that wealth can supply. The com- 
bination of qualities which insures success in such endeavors is 
so rare that it is never safe to count upon securing it. Hence, 
even now, a great observatory for the prosecution of physical 
research would be a somewhat hazardous experiment, unless the 
work it was to do were well mapped out beforehand. 

Considering the great mass of observatories devoted to geo- 
metrical astronomy, the first thing to strike the professional stu- 
dent of their work is their want of means for a really useful and 
long-continued activity; and this notwithstanding that their 
instrumental equipment may be all that could be required. The 
reason is that their founders have not sufficiently taken into 
account the fact that the support of astronomers and the publica- 
tion of observations is necessary to the usefulness of such an 
establishment, and requires a much larger endowment than the 
mere outfit of the building. Let us take, for instance, that omni- 
present and most useful instrument, the meridian circle. Four 
or five of these instruments, of moderate size, located in good 
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climates, properly manned, under skillful superintendence, work- 
ing in cooperation with each other, would do everything neces- 
sary for the department of research to which they are applicable, 
and a great deal more than is to be expected from all the meridian 
circles of -the world, under the conditions in which they are actu- 
ally placed. They could, within the first five years, make several 
independent determinations of the fundamental data of astron- 
omy, including the positions and motions of several hundred 
of the brighter fixed stars. In five years more, they could 
extend their activity so as to fix the position of every star in 
the heavens visible to the naked eye ; and, during the ten years 
following, could prepare such a catalogue of telescopic stars as 
there is no prospect of our seeing during the next half -century. 

There are probably not less than twenty meridian circles 
in this country alone, most of them antiquated, it is true, yet, 
so far as average size and cost are concerned, amply sufficient 
for the work in question. How many there may be in other 
countries it is impossible to estimate, but probably fifty or 
upward, and the number is everywhere constantly increasing. 
Should we seek out what they are doing, we should probably 
find half of them rusting in idleness upon their pivots. With 
others, some industrious professor or student would be found 
making, unaided, a series of observations to be left among 
the records of the establishment, or immured in the pages of the 
" Astronomische Nachrichten," with small chance in either case 
of ever being used. We may be sure that the solitary observer 
will soon find something else to do, and leave the instrument 
once more in idleness. Others we should find employed in the 
occasional instruction of students, a costly instrument being 
used where a rough and cheap' one, which the student could 
take to pieces and investigate at pleasure, would answer a far 
better purpose. Yet others we should find used in distributing 
time to the neighboring cities or States, or regulating chronom- 
eters for the shipping of a port. I dare not guess how many we 
should find engaged in work really requiring an instrument of 
the finest class, and gaining results which are to contribute to the 
astronomy of the future, but in our own country there would 
hardly be more than three. 

The general cause of this state of things lies upon the surface. 
It is as true in astronomy as in any other department of human 
affairs that the best results can be attained only by a careful 
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adaptation of means to ends. Failures have arisen, not from 
the intervention of any active opposing agency, but because 
observatories have been founded without a clear conception of 
the object to be attained, and therefore without the best adapta- 
tion of means to ends. To build an observatory before knowing 
what it is going to do is much like designing a machine-shop 
and putting in a large collection of improved tools and machinery 
before concluding what the shop is to make, and what are the 
conditions of the market open to its products. Some hints on 
the considerations which should come into play in the erection 
of any new observatory may not be out of place, as pointing 
out the remedy for the evils we have described. 

Heretofore, the practice has usually been first to decide upon 
the observatory, and to plan the building ; next, to provide instru- 
ments ; and lastly to select an astronomer, and, with his advice, 
to decide what direction the activities of the establishment should 
take. This order of proceeding should be reversed. The first 
thing to be done is to decide what the observatory shall be built 
to do. The future astronomer would, of course, have a con- 
trolling voice in this decision, and should, therefore, be selected 
in advance. One thing which it is especially important to 
decide is to which of the two great divisions of astronomical 
research attention shall , principally be directed. If the prosecu- 
tion of geometrical astronomy is kept in view, the conditions of 
advance in that department of the science must be kept in mind. 
The public is too apt to associate astronomy with looking through 
a telescope. That some of the greatest astronomers of modern 
times, such as Kepler, Newton, Hansen, Laplace, and Leverrier, 
scarcely ever looked through a telescope as astronomers, is not 
generally understood. For two thousand years, astronomy has 
furnished the great geometers of the world with many of their 
profoundest problems, and thus has advanced hand in hand with 
mathematics. It borrows its fundamental data from observation, 
but the elaboration and development of its results taxes the 
powers of the mathematical investigator. The work of making 
the necessary observations is so much easier than that of devel- 
oping the mathematical theories to which they give rise, that the 
latter is comparatively neglected alongside the former. It is 
lamentable to see what a collection of unused observations are 
found in the pages of scientific periodicals, to say nothing of 
those which have remained unpublished in the records of observ- 
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atories. Under these circumstances, it is not worth while to found 
any more observatories for the prosecution of geometrical 
astronomy, except under special conditions. Among these con- 
ditions we may enumerate the following : 

First. The institution should have such an endowment as to 
secure the continuous services of two or three observers, and to 
publish at least the results of their observations in a condensed 
form. 

Second. The instrument should be of the finest class, but not 
necessarily of large size. This is not a difficult condition to ful- 
fill, since such instruments are not very costly. One reason for 
observing it is that it is only within the last few years that the 
highest perfection has been attained in the construction of 
instruments of measurement. 

If these two conditions can be really fulfilled, it is very desir- 
able to add a few more to the great number of meridian circles 
now in existence, for the simple reason that it is easy to exceed 
them in perfection. It is, however, to be remarked that a good 
climate is a scientific prerequisite for the success of an observa- 
tory of any kind. The value of observations is decidedly lessened 
by the breaks in their continuity due to the intervention of 
clouds. It is therefore extremely desirable that, so far as 
possible, new observatories should hereafter be erected under 
sunny skies. 

If an observatory is to be devoted to physical research, a more 
modest outfit, both in the way of endowment and of instru- 
mental means, may be sufficient to serve an excellent purpose. 
Instead of being a great cooperative work, requiring the contin- 
uous labor of several persons, physical research may be divided up 
into sections almost as small as we please, each of which may be 
worked by an individual astronomer with any instrument suited 
to the purpose in view. To the success of such an observatory, 
a clear sky is even more necessary than to one engaged in meas- 
urement. "Whether a great telescope will be necessary, will 
depend principally upon what is to be done. The consideration 
which is really of the first importance is the astronomer. The 
man who is really wanted will do more with the most inex- 
pensive instruments than another one with the most costly ones. 
As already remarked, physical research is mainly the work of 
the individual, and what we want is to secure the services of the 
ablest man and then supply him with such means of research as 
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are necessary to the problems he has in view. New questions 
are arising so frequently, and the field of physical research is now 
so wide, that it is impossible to lay down any general rules for a 
physical observatory, except that means should be furnished for 
supplying the investigator with any instrument he may want. 

A third class of observatories are those intended for instruc- 
tion in astronomy. The requirements in this direction are so 
different from those necessary to research that it is impossible to 
combine the highest efficiency in both directions with the use of 
the same instruments. The number of observatories especially 
designed for pure instruction are very few in number. The 
instruments necessary for the purpose are of the simplest kind ; 
indeed, so far as mere training is concerned, the engineer's level, 
transit, and theodolite can be made to serve most of the pur- 
poses of the astronomical student. What the latter really wants 
is that training of the eye and the mind which will enable him 
to understand the theories of instruments, the methods of elimi- 
nating the errors to which they are subject, and the mathematical 
principles involved in their application. In this, as in nearly 
every department of professional education, we may lay it down 
as a rule that the wants of a liberal and of a professional educa- 
tion are, so far as the foundation is concerned, identical. We are 
too prone to lead the student into the minute details of a subject 
without that previous training in first broad principles which, 
though it may not immediately tell on his progress as a student, 
will be felt throughout his life to whatever field of work he may 
devote mm self. Such a transit instrument as Hipparchus might 
have made, — a wooden level mounted on an axis and supplied 
with slits to serve the purpose of sights, — properly mounted in 
the meridian, could well be made to take the place of the transit 
instrument for purposes of instruction. Scarcely any higher s kill 
than that of a cabinet-maker would be required in its construction. 
The object at which the student should then aim would be, with 
the aid of this instrument, to determine the error of his clock or 
watch within a few seconds. If he is really acquainted with the 
principles of the subject, and has his eyes properly trained, he 
will have no difficulty in soon learning to do this. 

Simon Newoomb. 



